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ABSTRACT 

Coronal-Line Forest Active Galactic Nuclei (CLiF AGN) are remarkable in the 
sense that they have a rich spectrum of dozens of coronal emission lines (e.g. [FeVII], 
[FeX] and [NeV]) in their spectra. Rose, Elvis & Tadhunter (2015) suggest that the 
inner obscuring torus wall is the most likely location of the coronal line region in 
CLiF AGN, and the unusual strength of the forbidden high ionization lines is due 
to a specific AGN-torus inclination angle. Here we test this suggestion using mid-IR 
colours (4.6^m-22^m) from the Wide-Field Infrared Survey Explorer (WISE) for the 
CLiE AGN. We use the Eischer et al. (2014) result that showed that as the AGN-torus 
inclination becomes more face on, the Spitzer 5.5/rm to 30/im colours become bluer. 
We show that the [W2-W4] colours for the CLiF AGN (([W2-W4]) = 5.92±0.12) are 
intermediate between SDSS type 1 (([W2-W4]) = 5.22±0.01) and type 2 AGN (([W2- 
W4]) = 6.35±0.03). This implies that the AGN-torus inclinations for the GLiF AGN 
are indeed intermediate, supporting the work of Rose, Elvis & Tadhunter (2015). The 
confirmed relation between CLiF AGN and their viewing angle shows that GLiF AGN 
may be useful for our understanding of AGN unification. 
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1 INTRODUCTION 

The nature and origin of the dusty obscuring torus believed 
to surround Active Galactic Nuclei (AGNs) - whether it is 
inflowing, outflowing, and its relation to star formation - are 
important for our understanding of the evolution of AGN, 
and how they affect their environment (‘feedback’). How¬ 
ever, the nature of the torus is problematic because direct 
observations are rare. 

Recently, Rose, Elvis & Tadhunter (2015; RET15 here¬ 
inafter) introduced the Coronal Line Forest Active Galactic 
Nuclei (CLiF AGN). The optical spectra of CLiF AGN are 
remarkable. As well as typical low ionization AGN emission 
lines (FLILs; e.g. [OIII], [Oil], [Nil], [SII]) and Balmer re¬ 
combination lines (e.g. Ha, H/1), their spectra include dozens 
of strong forbidden high ionization emission lines (FHILs; 
e.g. [FeVII], [FeX], [NeV] and [ArV]). RET15 define the 
boundary between low and high ionization to be the ion¬ 
ization potential (Ip) of the Hell edge at 54.4 eV. Six out 
of seven of the CLiF AGN in RET15 lacked broad emission 
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lines (FWHM H/3 > 2000 km s“^) , i.e. they are type 2 
AGN, and so are likely observed with our line of sight at 
a relatively large inclination angle to the torus axis. The 
far wall of the torus is a plausible source for the FHILs 
which will be strongest if we have a maximal view of the in¬ 
ner wall (Nagao et al. 2001; Rose et al. 2011). The Coronal 
Line Region (CLR) lies at a distance comparable to the hot 
dust sublimation radius (RET15). RET15 use photoioniza¬ 
tion modelling results (CLOUDY; Ferland 1998) to calculate 
the CLR radial distances for the CLiF AGN and find that 
they are comparable to the dust grain sublimation distances, 
thus supporting this view. 

If this picture proves correct, then the geometry of these 
AGNs is unusually well-constrained, making them laborato¬ 
ries to test AGN torus models. 

Fischer et al. (2014) have recently shown that the 
Spitzer mid-IR (Fs.s/Fao) colours change smoothly with the 
AGN inclination angle derived from kinematic models of 
AGN bi-cones. Crenshaw et al. (in prep.) confirmed this 
trend using Wide-Field Infrared Survey Explorer (WISE; 
[Wright et al.|20lo| ) mid-IR colours [W2-W4] (4.6pm-22pm). 
This result allows us to use [W2-W4] as a proxy for in- 
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clination and so test whether CLiF AGN have the special 
orientation suggested by RET15. 


2 CLIF AGN SAMPLE 


In addition to the 6 type 2 CLiF AGN from RET 15 we 
use another 8 found by Rose et al. (2015, in prep.). RET15 
showed that the CLiF AGN lie in the sparsely populated 
cleft between the two branches of the BPT diagnostic di¬ 
agram that dictate whether the emission region of an ob¬ 
ject is photoionized by an AGN, or by a starburst ([Baldwin, 


Phillips fc Terlevich|1981[|Veilleux fc Qsterbrock|1987||Kew- 


ley et al.||2006 l, due most likely to collisional excitation of 

Ha in a high density (ne > 10®'° cm“®), partially ionized 
zone. Rose et al. (2015, in prep.) use this region to select 
additional CLiF AGN from the SDSS galaxy and quasar 
catalogs. This increases the known sample of CLiF AGN 
(type 1 and 2) to 99 objects. 

Rose et al. (2015, in prep.) also find 84 type 1 CLiF 
AGN (FWHM up > 2000 km s"^). The nature of these 
objects are distinct from the type 2 CLiF AGN and will be 
discussed in Rose et al. (2015, in prep.) and, briefly, in the 
discussion section of this paper. 

The redshift range seen for the entire sample of CLiF 
AGN is 0.02 < z < 0.30, as Ha must lie within the SDSS 
DRIO spectral range. 

In Table[^we give the redshifts, WISE photometry and 
[W2-W4] colours for the 14 type 2 CLiF AGN. 


3 RESULTS 

3.1 WISE colours as an indicator of AGN 
inclination 

The AGN-torus inclinations of nearby (z < 0.06) AGN can 
be determined by mapping the kinematics of their narrow¬ 
line regions (NLRs), using the [OHIJA5007 emission line with 
high spatial resolution long-slit Hubble Space Telescope- 
Space Telescope Imaging Spectrograph or Integral Field 
Unit spectra. NLR kinematics are found to be dominated 
by radial outflows which can be well fitted with simple bi- 
conical outflow models. 

If the AGN-torus and NLR bi-cone axes are co-aligned 
then NLR inclinations would be expected to correlate with 
mid-IR colours if the torus is optically thick at these wave¬ 
lengths. In general this appears to be a good assumption 
||Crenshaw fc Kraemer|[2000[ [Crenshaw et al.||2000[ j Fischer j 

et al.|2013|). 

In Figure we show a plot of NLR bi-cone inclination 
and WISE mid-IR colours W2 (4.6/im) - W4 (22/rm) which 
appear correlated (R=0.72, p < 0.001) although with scat¬ 
ter. The data for type 1 (blue circles) and type 2 AGN (red 
triangles) are from Fischer et al. (2014; Table [^. There are 
no CLiF AGN in this sample. The W2 and W4 bands are 
chosen because these bands do not coincide with any host 
galaxy features which could affect their colours, e.g. PAH 
features coincide with the W3 (12/im) band. [W2-W4] would 
then become bluer with more face-on inclinations because 


the hottest dust (T > 500K) from the torus, whose emis¬ 
sion peaks at shorter (i.e. W2) wavelengths, becomes less 
obscured by the cooler dust dominating in the W4 band (T 
~ 150K). 

Overall, type 2 AGN have redder [W2-W4] colours when 
compared to type 1 AGN. However, this simple picture could 
be complicated by sources of scatter, e.g. different opening 
angles, torus dumpiness or line-of-sight differences. For ex¬ 
ample, the object with the bluest W2-W4 colour is a type 2 
AGN. This scatter is too wide (see (J[w 2 -wa] in Tableto 
derive an angle from the [W2-W4] colour for specific objects. 


3.2 WISE colours of Type 2 CLiF AGN 


RET15 suggested that GLiF AGN are observed with our 
line of sight at a large angle at which much of the inner 
wall of the torus can be seen, but the continuum and BLR 
remain hidden. This suggests that they are viewed at an 
intermediate inclination when compared to type 1 and 2 
AGN, a hypothesis which can be tested using their WISE 
[W2-W4] colours as a proxy for AGN inclination. 

In this section we will compare the [W2-W4] colours for 
three samples: a sample of SDSS type 2 AGN ([Reyes et al. 


2008 


2011 


420 objects), SDSS type 1 AGN sample (Shen et al. 
815 objects), and type 2 CLiF AGN (RET15; Rose et 
al. 2015, in prep). 

Note that we only used objects which have full WISE 
(W1-W4) photometry and that there are no warning flags 
for the photometry, and all the quality flags indicate that 
the sources were detected with S/N > 10. In each case we 
limited the redshifts of the samples to z < 0.3 so that they 
are consistent with the CLiF AGN sample. Note there is no 
overlap between these three samples. 

We use these samples for comparison with the type 2 
CLiF AGN (rather than the objects shown in Figure 1) be¬ 
cause, like the type 2 CLiF AGN, they are selected from the 
SDSS using their emission line properties. The type 2 AGN 
and type 2 CLiF AGN are selected from both the main SDSS 
galaxy and quasar catalogs. 75% of the SDSS type 2 AGN 
with z < 0.30 are selected from the SDSS galaxy catalog 


(Reyes et al. 20081, compared to 71% of the type 2 CLiF 


AGN. Therefore differences in their mid-IR colours should 
not be the result of their selection. 

The type 1 AGN have only been selected from the SDSS 
quasar catalog. The quasar catalog uses optical colour cuts 
which ensures the bluest objects are selected ( [Richards et al.[ 
20021. Given the nature of type 1 AGN (amongst the bluest 
objects in the Universe) this is entirely appropriate. While 
bluer optical colour criteria may coincide with bluer mid-IR 
colours, we cannot rule out that these colours are the result 
of orientation effects, rather than a selection bias. 

In Figurej^we plot normalised histograms for the WISE 
[W2-W4] colours of the three samples: SDSS type 2 AGN 
(red dashed line), SDSS type 1 AGN (blue dotted line), and 
type 2 CLiF AGN (black solid line). The [W2-W4] colours 
of the type 1 AGN are clearly bluer when compared to the 
type 2 AGN. This is supported by the median [W2-W4] 
colours for each sample (Table [^. The implied AGN-torus 
inclinations in the correlation shown in Figure]^ agree with 
these results: type 1 AGN clearly have face-on inclinations 
and type 2 clearly favour edge-on inclinations. The median 
[W2-W4] colours for the SDSS type 1 AGN are also bluer 
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Table 1. Redshifts, WISE photometry results (mag; [Wright et al.|201^ and uncertainties for the type 2 CLiF AGN. Note that there 
are no warning flags for the photometry of this sample, and all the quality flags indicate that the sources were detected with S/N > 10. 


Name 

z 

W1 

W2 

W3 

W4 

[W2-W4] 

ESO 138 G1 

0.0091 

8.82+0.02 

7.58+0.02 

4.10+0.02 

1.64+0.01 

5.94+0.03 

Tololo 0109-383 

0.0118 

8.09+0.02 

6.86+0.02 

4.03+0.02 

1.91+0.01 

4.95+0.03 

J1142+14 

0.0207 

11.29+0.02 

10.29+0.02 

6.74+0.02 

4.07+0.03 

6.22+0.05 

Mrk 1388 

0.0216 

10.83+0.02 

9.70+0.02 

6.27+0.02 

3.90+0.02 

5.80+0.04 

J1440+02 

0.0299 

13.39+0.02 

12.26+0.02 

7.77+0.02 

4.54+0.03 

7.72+0.05 

J1109+28 

0.0329 

11.54+0.02 

10.38+0.02 

7.01+0.02 

4.49+0.03 

5.89+0.05 

J1241+44 

0.0422 

13.85+0.03 

13.25+0.03 

9.61+0.04 

7.21+0.10 

6.04+0.13 

J1056+44 

0.0525 

12.91+0.02 

11.17+0.02 

8.17+0.02 

5.84+0.04 

5.33+0.06 

J1407+10 

0.0601 

12.00+0.02 

10.81+0.02 

7.34+0.02 

5.02+0.03 

5.79+0.05 

J1609+04 

0.0639 

11.42+0.02 

10.00+0.02 

6.18+0.02 

3.68+0.02 

6.32+0.04 

J1316+44 

0.0906 

10.01+0.02 

8.86+0.02 

5.66+0.02 

3.24+0.02 

5.62+0.04 

J0858+31 

0.1389 

12.47+0.02 

11.15+0.02 

7.65+0.02 

4.98+0.04 

6.17+0.06 

Q1131+16 

0.1732 

12.43+0.02 

11.12+0.02 

7.94+0.02 

5.78+0.05 

5.34+0.07 

J1641+43 

0.2214 

12.92+0.02 

11.66+0.02 

8.29+0.02 

5.59+0.04 

6.07+0.06 


than the type 1 AGN studied in [Fischer et al. (20141. But, 
as discussed above, this could be due to a selection effect. 

Strikingly, the median [W2-W4] colour for the type 2 
CLiF AGN is intermediate between the Reyes et al. (20081 
sample of type 2 AGN and the type 1 AGN sample (Figure 
[^. Indeed type 2 CLiF AGN seem to fill the dip between 
the type 1 and type 2 samples. To quantify the significance 
of these differences we performed KS tests comparing [W2- 
W4] for the 3 samples (Table |^. The results of these tests 
strongly support the differences seen in the median colours 
of the AGN types. No sample is consistent with the other 
at more than 0.4%. However, the type 2 CLiF AGN sample 
size is small (14) and normality tests (e.g. KS tests) become 
less reliable for small samples (n < 20;|Saculinggan & Balase 


We note that the median [W2-W4] colour of the type 2 
CLiF AGN is comparable to that of the Fischer et al. (2014) 
sample of type 1 AGN. However, the Fischer et al. (2014) 
sample of type 1 AGN is much smaller (4 objects) when 
compared to the SDSS-selected type 1 AGN (815 objects). 
In addition, the SDSS-selected type 1 AGN are a more ap¬ 
propriate comparison sample for the CLiF AGN because 
both samples have been selected from the SDSS, and have 
comparable redshift ranges. 

There is significant scatter in the [W2-W4] colours for 
all the samples {(^iw2-w4,] in Tablej^ resulting in an overlap 
in colour among the various types. However as explained in 
§3.1, the scatter could be due to a variety of causes. For 
example different opening angles, torus dumpiness or line- 
of-sight differences. 

The overall [W2-W4] colour is clearly bluer as the AGN 
type changes from type 2, through CLiF type 2 to the type 


1 AGN. 



AGN-Torus angle 


Figure 1. [W2-W4] colours versus AGN inclination for the jFis-j 
jcher et ^ ( |2014^ sample of AGN. Type 1 AGN are represented 
with blue circles and the type 2 AGN are represented with red 
triangles. The dashed line presents the best fit line and has pa¬ 
rameters y=0.015x-|-5.59. 


4 DISCUSSION 

Assuming that the overall differences in [W2-W4] for the 
AGN studied in Figure are dominated by the inclination 
angle (Figure]^, and not by selection effects, the [W2-W4] 
colours imply that type 2 CLiF AGN lie at an intermediate 
inclination angle when compared to the samples of SDSS 
type 1 and type 2 AGN. This relatively large angle to the 
torus axis may well provide us with a maximal view of the far 
wall of the torus, while the AGN continuum is still obscured 
by the near side of the torus, as suggested by RET15. Type 
2 GLiF AGN may be useful for our understanding of AGN 
unification. 

It is instructive to see where the new type 1 GLiF AGN 
line in [W2-W4] colour space. In Figure[^we plot normalised 
histograms showing the [W2-W4] colours for the SDSS type 
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Table 2. AGN type, inclination (0) and [W2-W4] colours for the 
AGN studied in | |Fischer et al.|20T^ . 


Name 

AGN Type 

9° 

[W2-W4] 

NGC 4507 

2 

47±5 

5.68±0.04 

NGC 4051 

1 

12±5 

5.80±0.04 

NGC 3783 

1 

15±5 

5.83±0.03 

Mrk 279 

1 

35±5 

6.04±0.04 

NGC 3227 

1 

15±5 

6.10±0.04 

Mrk 573 

2 

60±5 

6.20±0.04 

NGC 7674 

2 

60±5 

6.22±0.04 

NGC 1667 

2 

72±5 

6.24±0.04 

Mrk 78 

2 

60±5 

6.62±0.04 

Mrk 34 

2 

65±5 

6.68±0.04 

NGC 5643 

2 

65±5 

7.12±0.04 

Mrk 1066 

2 

80±5 

7.15±0.04 



Table 4. KS test results (P-value) comparing the [W2-W4] dis¬ 
tribution of the redshift limited (z < 0.30) [Reyes et al.| l|2008[| 
sample of type 2 AGN (T2), redshift limited (z < 0.30) jShen etj 
jal.j ||2011|l type 1 AGN sample (Tl), type 2 CLiF AGN (T2c') 
and type 1 GLiF AGN (Tic). 


Tl 

Tic 

T2c 

T2 

Tl 

0.22 

<0.0001 

<0.0001 

Tic 

- 

<0.0001 

<0.0001 

T2c 


- 

0.004 



W2-W4 

Figure 3. Normalised histograms showing the [W2-W4] colours 
for the redshift limited (z < 0.30) [Shen et al?] l |2011| | type 1 AGN 
sample (blue dotted line) and type 1 CLiF AGN (green solid line). 
The bin size is 0.25 magnitudes. 


Figure 2. Normalised histograms showing the [W2-W4] colours 
for the redshift limited (z < 0.30) [Reyes et al.j l |2008| | sample of 
type 2 AGN (red dashed line), redshift limited (z < 0.30) [Shen| 
[et al.[ ( 2011[ | type 1 AGN sample (blue dotted line) and type 2 
CLiF AGN (black solid line). The bin size is 0.25 magnitudes. 


Table 3. Median [W2-W4] colours and standard deviations on 
the [W2-W4] colours for the redshift limited (z < 0.30) [Reyes et| 
ar]|[2008|l sa mple of type 2 AGN (T2), redshift limited (z < 0.30) 
Shen et al. 1 1 |2011[ | type 1 AGN sample (Tl), type 2 CLiF AGN 
(T2(y), type 1 CLiF AGN (Tljy), type 1 AGN of [Fischer et al(] 
) |2014| | (Tli?) and type 2 AGN of jFischer et al.| ) |2014| l (T2jr). 


Type 

[W2-W4] 

^\W2-Wi] 

Tl 

5.22±0.01 

0.47 

Tic 

5.28±0.04 

0.36 

T2c 

5.92±0.11 

0.64 

T2 

6.35±0.03 

0.58 

TIf 

5.93±0.07 

0.15 

T2f 

6.43±0.15 

0.50 


1 AGN sample ( [Shen et al.|2011 blue dotted line) and type 
1 CLiF AGN (Rose et al. 2015, in prep; green solid line). 
The [W2-W4] colours for the typical type 1 AGN and type 
1 CLiF AGN are indistinguishable (P-value = 0.22; Table|^. 
This is supported by the median values presented in Table 
as the median [W2-W4] (and therefore AGN-torus incli¬ 
nations) agree within two error bars. A KS test comparing 
[W2-W4] for these samples (Table|^ supports the view that 
there is no difference in their [W2-W4] colours. All the type 
1 CLiF AGN were selected from the quasar catalog, there¬ 
fore these comparisons are not biased by selection effects. 
In addition, there is no overlap between the samples. The 
lack of significant differences between the [W2-W4] colours 
of the type 1 CLiF AGN and the SDSS type 1 AGN im¬ 
plies that the type 1 CLiF AGN have no special inclination 
when compared to typical type 1 AGN. Type 1 CLiF AGN 
are therefore distinct from type 2 CLiF AGN. Their strong 
CLR must then be due to another distinct mechanism. 

We will study both these populations of CLiF AGN in 
further papers in the following ways. 


1. Model the inner torus wall geometry proposed to pro¬ 
duce strong FHILs (Glidden et al. 2015, in prep.). 

2. Determine the physical conditions (ionization parame- 
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ter and electron density) of the CLR, and estimate the radial 
distances to this region (Rose et al. 2015, in prep.). 


In the longer term it would clearly be extremely valu¬ 
able to obtain high spatial resolution spectroscopy for the 
CLiF AGN, so that the AGN-torus inclination of type 2 


GLiF AGN can be estimated using the NLR bicones (Fis- 
cher et n!]|2014 1. 
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